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Abstract: Justice and fairness are increasingly popular concepts in energy research and comprise
several justice dimensions, including distributive and procedural justice, related to energy production
and consumption. In this paper, we used factorial survey experiments—a method employed in
sociological justice research—for energy transition research. In a factorial survey, respondents
evaluated one or more situations described by several attributes, which varied in their levels.
The experimental setup of factorial surveys is one of its advantages over simple survey items,
as based on this, the relative importance of each attribute for justice evaluations can be determined.
We employed the method in a study on the perceived fairness of renewable energy expansion projects
related to wind energy, solar energy, and biomass in Germany, and considered aspects of procedural
and distributive justice. We show that the effects of these justice dimensions can be separated and
the heterogeneity in justice evaluations can be explained. Compared to previous studies applying
factorial survey experiments to explain the acceptance of renewable energy projects, we employed
the method to directly measure justice concerns and asked respondents to evaluate the vignettes in
terms of perceived fairness. This is important because acceptance and fairness as well as inequality
and injustice are different phenomena.
Keywords: causal effects; justice; factorial surveys; renewable energy; vignette study
1. Introduction
While much research on energy production and consumption is concerned with the concept
of justice [1–4], there is little empirical quantitative research that directly measures citizens’ justice
concerns and fairness perceptions. For example, in research on the acceptance of energy infrastructure,
most researchers frame their work in the context of justice but empirically measure acceptance [5–8].
A direct measurement of justice perceptions is important because social inequalities related to energy
production and consumption do not necessarily imply injustice: inequality and perceived injustice
regarding the exposure to environmental harms and goods are two different phenomena. Inequalities
in exposure to renewable energy projects, for example, an unequal distribution of power plants across
geographical areas or social strata, might be accepted by citizens because they perceive such unequal
distributions as unavoidable. At the same time, support or opposition do not automatically imply
that renewable energy projects and policies are perceived as fair or unfair, respectively. Although
support and fairness perceptions can be gathered under the same umbrella term of social acceptance [9],
they refer to distinct concepts [10]. Therefore, the direct measurement of fairness perceptions is an
important aspect of empirical justice research in sociology and other social sciences [11].
Research on environmental justice differentiates between distributive justice (distribution of
environmental harms/goods in society), procedural justice (participation of citizens in environmental
Sustainability 2020, 12, 8084; doi:10.3390/su12198084 www.mdpi.com/journal/sustainability
Sustainability 2020, 12, 8084 2 of 14
decision-making), and recognition (attention to group differences in society) [3,12,13]. With regard
to justice concerns, the environmental justice movement typically strives for an equal distribution of
environmental harms and goods across social groups in society. This means that all groups in society
are equally affected, for example, by renewable energy production. On the other hand, it is well known
that there are many different justice theories and principles, and the question that emerges is which
principle is supported by whom and how this depends on the social context [14–17]. For example,
not all socioeconomic groups might perceive an equal exposure to renewable power plants or equal
burden of rising energy costs as equally fair. Also, citizens in different countries might evaluate an
equal share of the costs of climate change mitigation across countries differently. The same can be true
for aspects of procedural justice, that is, citizens’ participation opportunities.
While the literature on energy production and consumption suggests that many aspects are
relevant for fairness judgements [1–3,11], including distributive and procedural justice, it is empirically
challenging to disentangle the effects of these aspects. For example, using standard survey items it is
difficult to clarify whether distributive justice is more relevant than procedural justice, or vice versa,
for the perceived fairness and local acceptance of renewable–energy projects.
In a factorial survey experiment (FSE), also called a vignette experiment, respondents evaluate
a situation (i.e., vignette) which is described by experimentally manipulated attributes (i.e., actors)
which vary in their levels [18]. The respondents are then asked to evaluate these situations according
to criteria such as support, agreement, or perceived fairness. Given that typically more than one
attribute is manipulated, FSEs belong to multifactorial methods, which allow for the identification
of causal effects due to the experimental setup [18,19]. The method was introduced in Sociology by
Rossi and Lazarsfeld in the 1950s [20] and, since the 1970s, has become an important tool for the study
of many phenomena, including social norms and justice concerns [18,19,21–23]. The FSE employs
multiple factors and respondents have to make trade-offs, and therefore it lowers socially desirable
response behavior [24]. FSEs are similar to stated choice experiments, which are often employed in
energy research [6,25,26]. In stated choice experiments, respondents compare alternatives that vary
in multiple attributes and choose the alternative they prefer most. This method has advantages for
measuring citizens’ preferences and estimating welfare measures, for example, citizens’ willingness
to pay for renewable energy expansion, but it is less suitable for measuring attitudes, (normative)
beliefs, and (fairness) perceptions. In social science research the latter are instead examined using FSEs,
where respondents can express their fairness concerns on an ordinal or rating scale [18,23].
To our knowledge, there are two previous studies applying FSEs in the context of renewable energy
expansion, more specifically on the social acceptance of wind energy projects [27,28]. Yet, in these
applications the explanandum is acceptance and not fairness. We go beyond these previous applications
of FSEs and directly measure fairness perceptions related to renewable energy projects and compare
this with an acceptance measure of such projects. We uncover the causal effects of different justice
dimensions, taking the heterogeneity of justice concerns into account. Moreover, we consider three
renewable energy sources—wind energy, solar energy, and biomass—and compare the importance of
justice dimensions and fairness perceptions across the different energy sources.
2. Factorial Survey Experimental Design and Data
2.1. Experimental Design
In designing and conducting an FSE (see [18] for state-of-the art guidelines), researchers have to
decide on the number of attributes (factors or characteristics) of a situation, and attribute levels have
to be assigned. In our example on renewable energy projects, we described projects to construct a
renewable energy site in respondents’ vicinity (10-km radius from their place of residence) and were
interested in how unfair or fair the respondents perceive these projects to be. We varied four attributes
across vignettes. First, the project referred with (1) a wind farm (10 turbines), (2) a photovoltaic power
station, or (3) a biogas plant to different types of renewable energy and, second, with (1) one, (2) three,
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or (3) five power plants to different magnitudes of exposure to power plants. Third, based on the literature
on environmental justice, we included the attributes procedural justice, that is, citizens have (1) no say in
the planning process, (2) partial say in the planning process, or (3) a say at every step in the planning
process, and fourth, distributive justice—with the planned project respondents have (1) fewer power
plants, (2) the same number, or (3) more power plants in their region than in other regions in Germany.
Combining all possible attribute combinations—3× 3× 3× 3—gave a the so-called full factorial of 81
vignettes and hence 81 different project descriptions. We employed the full factorial and each respondent
answered one vignette which was randomly chosen from the full factorial. Using randomization and
the full factorial, we were able to experimentally isolate all main effects, two-way effects, and three-way
effects between attributes. If a factorial survey study comprises more attributes or attribute levels,
the full factorial is often too large to consider all vignettes. Thus, an experimental design is used to
reduce the number of vignettes that respondents face, but at the same time, to maintain the possibility
of separating the effects of single factors. Researchers also have to choose a response scale for recording
respondents’ judgments (e.g., four-point, five-point, seven-point, or eleven-point response scales).
While the literature suggests longer response scales [18], in this study we opted for a four-point scale
because we wanted to fully label each category of the scale using the words “fair” and “unfair”.
Figure 1 provides an example of a vignette as used in the study.
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2.2. Data and Variables
We embedded the FSE in an online survey on renewable energy expansion in Germany. The survey
was conducted in September and October 2013 [29]. Participants were members of an access panel
who were actively recruited by phone (no opt-in panel) and represented the German population that
uses the internet at least once a week. We used quota sampling representing the German population
regarding gender and age as close as possible. After inspection of the data, out of 3400 completed
questionnaires, 3199 usable interviews remained for analyzing the factorial survey (due to missing
values and implausible answers). The response rate (standard RR1, [30]) was 26%. Prior to the survey,
six focus groups and two pretest surveys were conducted.
In our sample, women (45% in the sample, 51% in the population) and those living in mid-sized
cities (33% in the sample, 42% in the population) were underrepresented and those with higher
education, i.e., a university entrance diploma or higher, overrepresented (61% in the sample, 31% in
the population). The mean values for age (43 years, SD = 14) and household net income (3048 Euro,
SD = 1.519) were fairly close to the average values for the German population [31]. While the sample
was clearly not representative, it contained sufficient variance on sociodemographics in order to take
heterogeneity in population characteristics into account. Individuals in rural areas are more affected by
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renewable energy expansion compared to those in urban areas, and our data also show considerable
variance along the rural-urban continuum (31% rural areas, 33% mid-sized cities, 36% large cities).
The survey also included questions on place attachment, which we considered in the regression
models on heterogeneity of fairness evaluations. The corresponding variable was an additive index of
answers to the following four survey items, all answered on a four-point response scale (1 = strongly
disagree to 4 = strongly agree): “I like to be in the landscape next to my place of residence”, “Often,
I spend my free time in the landscape next to my place of residence”, “The landscape around my
place of residence is a part of me”, “It is very important to me that the landscape around my place of
residence does not change”. Cronbach’s alpha for the index was 0.7714; the index ranged between 4
and 16 with a mean of 13.085 and standard deviation of 2.233.
In the survey we considered three renewable energy sources: wind energy, solar energy,
and biomass. At the beginning of the survey, respondents were shown pictograms and definitions
of these renewables (see Table 1). It was also clarified that the survey focused on renewables in the
open landscape and did not consider energy production in urban areas, for example, through solar
panels on roofs. In contrast to wind and solar energy the energy source is not unboundedly available
in the case of biomass. Therefore, we asked respondents to consider the cultivation of raw material
and the power plant when rating the renewable energy biomass. For the most part, biomass is used for
electricity generation at the place of production.
The survey also included a question regarding the general acceptance of the construction of
renewable power plants in respondents’ vicinity. The exact wording of this acceptance question
was as follows: “How strongly would you support or oppose the construction of the following
renewable power plants [solar energy, wind energy and biomass] within a 10 km radius of your place
of residence?” Respondents answered this question on a four-point response scale (strongly oppose,
somewhat oppose, somewhat support, strongly support).
Table 1. Definition of renewable energy sources as used in the survey.
Wind Energy refers to electricity
generation with single wind
turbines and wind farms
onshore only.
Solar Energy refers exclusively to
the production of electricity with
photovoltaic systems in the open
landscape, i.e., solar fields.
Biomass refers to the production
of biogas and its electricity and
includes both the biogas plant and
the cultivation of the required
biomass (such as corn).
3. Results
3.1. Overall Fairness Evaluation and Acceptance Figures
Table 2 shows the fairness evaluations regarding the construction of new power plants in
respondents’ vicinity across all vignettes and per renewable energy type. The figures indicate
that there was remarkable variance on the fairness scale. However, for each energy type the
majority of respondents perceived the construction of an additional plant as rather fair or very
fair. The corresponding figures were 81% for solar energy, 67% for wind energy, and 56% for biomass.
We can compare these figures with those from the question on the general acceptance of the construction
of additional power plants in citizens’ vicinity. Both fairness perception and acceptance were measured
on four-point scales. While there was a substantial positive correlation between the fairness and
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acceptance measure (all significant at p < 0.001), both were not perfectly correlated (Pearson correlations
of r = 0.529 for wind energy, r = 0.350 for solar energy, and r = 0.514 for biomass). In other words:
these measures discriminated to some extent, even if they correlated with each other. On the other
hand, it needs to be kept in mind that the fairness question referred to “concrete” project descriptions
presented in the vignettes, while the acceptance question referred to the construction of power plants
in general; yet both questions were related to a 10 km radius of the respondents’ place of residence.
This could explain that, in Table 2, the mean values of the perceived fairness of the construction of
“concrete” wind energy and solar energy plants are lower than the corresponding mean values of
general acceptance. However, for biomass we found the opposite pattern—that is, mean fairness
values for concrete projects were higher than mean general acceptance values. This can be interpreted
as another indication that fairness perceptions and agreement are conceptually different. Further,
the correlations between fairness and acceptance in the present study are similar to the ones presented
in a vignette study on airport expansion scenarios, which included both measures at the vignette
level [10], supporting our claim that fairness and acceptance are not (entirely) the same.
Table 2. Fairness evaluations and acceptance levels per type of renewable energy plant.
Plant Type
Very Unfair
(Strongly
Oppose) (1)
Rather Unfair
(Somewhat
Oppose) (2)
Rather Fair
(Somewhat
Support) (3)
Very Fair
(Strongly
Support) (4)
Mean (SD)
Wind
(n = 1051)
7%
(8%)
26%
(19%)
54%
(47%)
13%
(26%)
2.73 (0.78)
(2.91 (0.88))
Solar
(n = 1075)
3%
(2%)
16%
(9%)
60%
(50%)
21%
(39%)
2.97 (0.71)
(3.26 (0.70))
Biomass
(n = 1073)
13%
(15%)
31%
(34%)
48%
(41%)
8%
(10%)
2.51 (0.81)
(2.46 (0.87))
Note: First number in each cell refers to responses to the vignette/fairness question and the second number in
parentheses to the acceptance question.
3.2. Effects of Vignette Attributes on Fairness Evaluations
In the following, we present plots for linear regression models on fairness evaluations per
renewable energy type: first for models only including the vignette attributes (Figure 2) and second for
models including the vignette attributes and additional variables to explain heterogeneity in fairness
evaluations (Figure 3). The full regression models underlying Figures 2 and 3 can be found in Table A1
in the Appendix A. Further, Table A2 in the Appendix A contains for each renewable energy type a
comparison of the results of a linear regression model, an ordered logit model and a binary logit model.
In the latter, the dependent variable has value of 1 for the categories “very fair” and “rather fair”, and 0
for the categories “rather unfair” and very unfair” on the four-point fairness scale. Since the results are
similar across the different modeling variants, we present the results of linear regression models.
The results in Figure 2 (also Table A1) show that the number of renewable power plants does not
have a significant effect on fairness evaluations regarding wind power and solar energy. There was
only one negative and statistically significant effect for biomass indicating that the construction of five
plants compared to one plant is associated with lower fairness perceptions. There are clear indications
that procedural and distributive justice matter. With respect to all the renewable energies, having no
say in the planning process was perceived as more unfair than having a partial say in the planning
process. The corresponding effects were statistically significant and amounted to 0.3 points on the
four-point fairness scale. Yet, there was no statistically significant difference for having a say in all
steps of the planning process compared to having a partial say in the planning process. It seems
that respondents valued the general possibility of participating in the planning process and not so
much the extent of it. Regarding the distributive justice, respondents perceived more unfairness if
the new power plants lead to overall more renewable power plants in their region as compared to
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other regions. The effects had a similar size to the ones for procedural justice and were all highly
statistically significant. Only for solar energy did respondents perceive more unfairness also if they
had fewer power plants in their region as compared to other regions. For wind energy and biomass,
we found no statistically significant differences between less exposure and equal exposure to power
plants across regions.
We also checked interaction effects between vignette attributes. Taking all possible two-way
and three-way interaction effects into account, we only found one statistically significant two-way
interaction and three-way interaction in the model for wind energy. They showed that the construction
of five plants was evaluated as less unfair if respondents still had fewer renewable energy plants in
their region compared to other regions. Yet, this interaction was evaluated to be less fair if residents
had a say in the planning process compared to having a partial say.
Figure 2. Regression models for fairness evaluations and vignette attributes.
Note: unstandardized coefficients and 95% confidence intervals of linear regression models with the
four-point fairness scale as dependent variable and the vignette attributes as independent variables.
The model characteristics are as follows: for wind energy, F(6, 1044) = 10.85, Prob > F = 0.000,
R2 = 0.0596, n = 1051; for solar energy, F(6, 1068) = 15.12, Prob > F = 0.000, R2 = 0.0844, n = 1075;
for biomass, F(6, 1066) = 13.99, Prob > F = 0.000, R2 = 0.0746, n = 1073.
3.3. Effects of Respondent Characteristics on Fairness Evaluations
Figure 3 presents models that include additional variables to explain heterogeneity in fairness
evaluations; the figure only depicts variables that had statistically significant effects on fairness
evaluations at the 5% level (full models are presented in Table A2 in the Appendix A). The main
insights are that, as already shown above, the general acceptance of new renewable power plants
in respondents’ vicinity did have a positive effect on the perceived fairness; yet, causation can go in
both directions, i.e., acceptance can affect fairness and vice versa. The effect sizes for a unit change
ranged between 0.36 (solar energy) and 0.46 (wind energy and biomass) on the four-point fairness
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scale. Higher education was significantly associated with higher levels of perceived fairness at the 5%
level in the models on wind and solar energy.
Rural areas are more affected by renewable energy expansion than urban areas. However, we did
not find remarkable differences in fairness evaluations between respondents living in medium-sized
or large cities and those living in villages. Yet, there was one exception: compared to those living
in villages, respondents residing in large cities perceived the construction of biomass power plants
as rather fair. The effect amounted to 0.15 points on the four-point fairness scale. Place attachment
did not significantly affect fairness concerns regarding solar and biomass but it had a negative and
statistically significant effect on the perceived fairness of the construction of new wind energy plants.
Of note, a 10-point increase on the place-attachment scale, with a minimum value of 4 and a maximum
value of 16, is associated with a 0.25 decrease on the four-point fairness scale. This effect for wind
energy might be due to the higher visibility of wind farms as compared with solar and biomass plants.
Figure 3. Regression models for fairness evaluations, vignette attributes, and respondents’
characteristics.
Note: unstandardized coefficients and 95% confidence intervals of linear regression models with
the four-point fairness scale as dependent variable, and the vignette attributes and respondents’
characteristics as independent variables. Not all respondent characteristics are shown; the underlying
models also included gender, age, income, but these characteristics had statistically insignificant
effects in all three models depicted. The model characteristic are as follows: for wind energy,
F(14, 1036) = 44.12, Prob > F = 0.000, R2 = 0.3617, n = 1051; for solar energy, F(14, 1060) = 18.18,
Prob > F = 0.000, R2 = 0.2226, n = 1075; for biomass, F(14, 1058) = 44.63, Prob > F = 0.000, R2 = 0.3504,
n = 1073.
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4. Discussion and Conclusion
4.1. Heterogeneity of Justice Concerns
Justice is a multi-dimensional concept and it is challenging to disentangle the importance of
each of the dimensions for justice/fairness evaluations. In this paper, we focused on distributive and
procedural justice related to renewable energy expansion. Both dimensions are commonly discussed
in the environmental justice and energy-related literature [2,4,12,32,33]. We demonstrated how using
factorial surveys can contribute to research on energy production. By directly measuring justice/fairness
perceptions and varying justice-related attributes across vignettes, we examined and disentangled the
relevance of different justice dimensions for energy-related projects. Our study showed, for example,
that the number of renewable energy plants is less important than aspects of procedural and distributive
justice. The latter justice dimensions are equally important, which is in contrast to previous FSE
research on the local acceptance of wind energy plants [27], indicating that participatory justice might
be more important than distributive justice. Yet, this research measured acceptance and not fairness
and also included more vignette attributes. It is not clear whether the relative importance of justice
dimensions depends on the outcome measure (fairness versus acceptance) and/or the information
provided about renewable energy projects. For example, it could be that distributive justice related to
the number of power plants across regions becomes less relevant if further information about a project
is given, such as who is investing in the project and how benefits are allocated.
Our application of FSEs revealed heterogeneity regarding justice concerns. First, it is noteworthy
that in terms of fairness, respondents evaluated having more power plants in their region than in other
regions differently than having fewer power plants than in other regions. If outcome equality holds,
respondents should also have disvalued a disproportionately lower exposure to renewable energy
power plants. This was clearly not the case and only for solar energy did we find a significant effect that
lower exposure levels were perceived as rather unfair compared to equal exposure levels. However,
compared with equal exposure across regions, the effect for lower exposure levels was weaker than the
one for higher exposure levels. The fact that there was an effect for solar energy might be associated
with its large general support as compared with wind energy and especially biomass, as well as with
our finding that place attachment is not a significant determinant of fairness perceptions related to
photovoltaic power stations (compared to wind turbines). Such perceptions of distributive justice
are likely to affect not only the acceptance of renewable energy projects at the local level but also the
spatial allocation of power plants at the country level, where depending on the underlying justice
principle efficient allocations can vary remarkably [34].
Second, we found a heterogeneity in justice concerns affected by education, place of residence,
and place attachment as well as the type of renewable energy production. For all energy sources
we found a positive effect of education on fairness perceptions related to the construction of new
power plants. Education is positively related to knowledge about environmental issues, which in
turn can positively affect environmental attitudes and pro-environmental behavior [35], as well as
fairness concerns related to renewable energy expansion. We found that placement attachment
was important for fairness perceptions related to the construction of wind turbines but not for
photovoltaic power stations and biogas plants; this could be explained by the higher visibility of
wind turbines as well as the fact that, at the time of the survey, respondents were more likely to be
actually exposed to wind turbines compared with photovoltaic power stations and biogas plants.
The place-attachment effect could be considered in decision-making processes and explicitly taken into
account by addressing corresponding concerns when discussing with citizens, and in the framing of
wind energy projects. As the place-attachment effect was specific for wind power it illustrates that the
relevance of determinants of fairness concerns can differ across energy sources.
While our survey was carried out over five years ago and meanwhile renewable energy expansion
has progressed in Germany, many of our findings are in line with more recent studies on the acceptance
of renewable energy expansion in Germany. This includes the citizens’ overall higher support of solar
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energy, followed by wind power and biomass [36], as well as the finding that the place of residence
does not have strong effects regarding wind turbine acceptance [27]. Yet, in our study citizens living in
large cities evaluated biogas plants more positively than those in rural areas.
4.2. The Merits of FSEs
Turning to the merits of FSEs as a methodological tool in energy research, FSEs have several
advantages over standard survey items to measure justice concerns. Based on Liebig et al. [19],
Table 3 provides an overview of common problems in quantitative research on energy production and
consumption and refers to advantages of using FSEs to solve these problems. A standard survey item
does not consider context information and this might prompt specific answers. In FSEs, respondents
receive more context information, for example by combining different attributes of wind power plants
and hence prompting, such as overstating the importance of one attribute (e.g., distributive justice),
should be less likely. Using standard survey items, it is difficult to determine the relative importance
of justice dimensions such as participatory and distributive justice related to wind power plants.
The experimental design underlying FSEs makes it possible to single out the relative importance of each
dimension. Responses to standard survey items might lead to biased response behavior. For example,
renewable energy expansion might be perceived as socially desirable and hence respondents might
tend to agree with survey items in favor of renewable energy expansion. This cannot be completely
ruled out in FSEs but should be less likely because respondents have to consider and make trade-offs
between several attributes. Further, in research on justice concerns related to energy production,
researchers explicitly or implicitly assume causal effects of justice dimensions on outcomes related
to energy production and consumption. Yet, causal effects cannot be studied based on standard
survey items and cross-sectional data. They can be examined, however, in factorial surveys and other
population-based survey experiments [37].
Table 3. Advantages of factorial survey experiments (FSEs) in research on energy production
and consumption.
Problems of Empirical Research Advantages of Using FSEs
Single-item measures lack context-information on
different energy-related attributes and might prompt
certain answers, such as overstating the importance
of an attribute.
FSEs consider several energy-related attributes, e.g.,
regarding renewable energy power plants and hence
include more context information. Respondents have
to make trade-offs. This should make prompting
less likely.
Uncovering the relative importance of factors relevant
for justice evaluations regarding energy-related issues
Based on a multifactorial design and trade-offs
between justice attributes/factor, the effect/importance
of each factor for justice evaluations can
be determined.
Justice as a normative concept might be prone to
socially desirable response behavior, e.g., overstating
support for renewable energy production
By presenting several factors at the same time, socially
desirable responses are less likely. Respondents need
to make trade-offs between attributes.
Causal effects, e.g., regarding renewable energy
power plant attributes on fairness evaluations, cannot
be identified.
By randomly varying vignette attributes causal effects
can be estimated.
Note: This table is based on [19].
We believe that FSEs can complement the researcher’s toolbox in energy research as a useful
tool to measure justice beliefs, fairness perceptions, attitudes, and normative beliefs. In this regard
they have clear advantages over single survey items or (multifactorial) stated choice experiments,
which can be employed to measure preferences and to obtain welfare measures [38]. FSEs should
be combined with qualitative methods such as focus groups to develop valid vignette scenarios and
attributes and to obtain an impression on how respondents handle the vignettes in order to check their
suitability. As any other method, FSEs are not free of methodological issues, such as the complexity
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of vignettes, the role of the response format (e.g., closed-ended versus open-ended question format),
and order effects and fatigue, if multiple vignettes are presented per respondent [39,40]. These need to
be considered when planning an FSE.
4.3. Desiderata for Future Research
In this paper, we presented a rather simple application of FSEs. As already mentioned above,
in another study on the local acceptance of wind power projects in Germany and Poland, Liebe et al. [27]
also included attributes on the type of investor, the use of electricity (in the region versus for export),
and the tax revenue resulting from the power plant. This means more justice dimensions and context
factors can and possibly should be considered in FSEs. It would be important in future research to
apply such more comprehensive FSEs in a multi-country context or multi-regional context within
countries to systematically explore how cultural differences, social and economic contexts affect justice
evaluations. For example, it could be examined whether higher economic inequality at the country or
regional level leads to differences in the relevance of distributive justice related to renewable energy
projects. Also, it can be studied how the evaluation of distributive and participatory justice changes if
more information is given about the renewable energy project at hand. Complementing other empirical
approaches, such as case studies, FSE research can help decision-makers to better predict which
contexts might result in higher or lower levels of perceived fairness of energy transition initiatives.
Previous applications of FSEs [27] measured justice/fairness concerns indirectly; they used an
acceptance scale to measure respondents’ evaluation of renewable energy projects. In future research it
should be considered that, even if correlated, acceptance is not the same as justice, and more generally,
that environmental inequality does not equal environmental injustice. Therefore, it is important to
further explore differences between acceptance and justice measurement instruments, as well as under
which conditions perceived unfairness results in non-acceptance of energy transition projects. In other
words: similar to inequality, unfairness does not necessarily mean non-acceptance/opposition and
subsequently protesting against renewable energy projects. There is a need for a better understanding
of conditions and mechanisms that link justice and social acceptance, including fairness perceptions,
support, and protest behavior, both at the country and regional level. Again, insights from basic research
in this regard can be helpful in shaping energy transition projects with higher (local) acceptance levels.
Finally, besides energy production, FSEs can also be applied to justice concerns regarding energy
poverty, involuntary resettlement, fossil fuel pollution, nuclear waste, climate change, etc. The method
is also applicable in the global south [41]. The present paper paves the way for employing FSEs
for direct measurement of justice concerns and for disentangling the importance of different justice
dimensions and thereby complementing existing research on energy production and consumption and
subsequently informing (political) decision making.
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Appendix A
Table A1. Full linear regressions models underlying Figures 2 and 3 in the main text.
Figure 2 Figure 3
Wind Solar Biomass Wind Solar Biomass
Three plants (vs. one plants) −0.0177(−0.32)
−0.0127
(−0.25)
−0.0457
(−0.80)
−0.0746
(−1.67)
−0.0233
(−0.51)
−0.0601
(−1.23)
Five plants (vs. one plant) −0.0660(−1.15)
−0.0753
(−1.48)
−0.123 *
(−2.08)
−0.0915
(−1.88)
−0.0540
(−1.13)
−0.117 *
(−2.37)
No say (vs. partial say) −0.242 ***(−4.14)
−0.319 ***
(−6.00)
−0.276 ***
(−4.74)
−0.239 ***
(−4.99)
−0.320 ***
(−6.46)
−0.264 ***
(−5.21)
Say in every step (vs. partial say) 0.0526(0.95)
0.000746
(0.02)
−0.0122
(−0.21)
0.0636
(1.41)
−0.0184
(−0.43)
0.00744
(0.16)
Less in region (vs. same) −0.0290(−0.51)
−0.105 *
(−2.06)
0.0101
(0.18)
−0.0422
(−0.88)
−0.113 *
(−2.36)
−0.00116
(−0.02)
More in region (vs. same) −0.307 ***(−5.35)
−0.334
(−6.50)
−0.360 ***
(−6.09)
−0.316 ***
(−6.71)
−0.360 ***
(−7.69)
−0.341 ***
(−6.99)
Acceptance of plant in vicinity 0.459 ***(19.16)
0.359 ***
(11.40)
0.457 ***
(17.96)
Woman (vs. man) −0.0356(−0.89)
−0.00455
(−0.12)
−0.00282
(−0.07)
Age in years −0.000910(−0.60)
−0.00266
(−1.83)
−0.00359 *
(−2.32)
Higher education (vs. less education) 0.142 ***(3.39)
0.130 **
(3.06)
0.0823
(1.86)
Net income in Euro 0.00000384(0.18)
0.0000278
(1.34)
0.00000583
(0.26)
Medium-sized city (vs. small city) 0.0179(0.35)
−0.0583
(−1.19)
0.0812
(1.53)
Large city (vs. small city) 0.0823(1.66)
0.0203
(0.43)
0.151 **
(2.92)
Place attachment −0.0251 **(−2.75)
−0.00297
(−0.31)
−0.00954
(−0.90)
Constant 2.931 ***(49.33)
3.256 ***
(58.16)
2.779 ***
(43.85)
1.879 ***
(11.03)
2.132 ***
(11.92)
1.777 ***
(9.76)
R2 0.060 0.084 0.075 0.362 0.223 0.350
n 1051 1075 1073 1051 1075 1073
Note: t statistics in parentheses; * p < 0.05, ** p < 0.01, *** p < 0.001.
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Table A2. Comparison of linear regression, ordered logit, and binary logit models.
Wind Wind Wind Solar Solar Solar Biomass Biomass Biomass
Linear Ordered Binary Linear Ordered Binary Linear Ordered Binary
Three plants (vs. one plants) −0.0177(−0.32)
−0.0594
(−0.42)
−0.149
(−0.89)
−0.0127
(−0.25)
−0.0137
(−0.09)
−0.0646
(−0.32)
−0.0457
(−0.80)
−0.173
(−1.24)
−0.332 *
(−2.11)
Five plants (vs. one plant) −0.0660(−1.15)
−0.169
(−1.16)
−0.293
(−1.75)
−0.0753
(−1.48)
−0.213
(−1.44)
−0.292
(−1.50)
−0.123 *
(−2.08)
−0.311 *
(−2.18)
−0.321 *
(−2.05)
No say (vs. partial say) −0.242 ***(−4.14)
−0.632 ***
(−4.31)
−0.764 ***
(−4.58)
−0.319 ***
(−6.00)
−0.928 ***
(−5.90)
−1.135 ***
(−5.77)
−0.276 ***
(−4.74)
−0.659 ***
(−4.75)
−0.667 ***
(−4.30)
Say in every step (vs. partial say) 0.0526(0.95)
0.0978
(0.68)
−0.102
(−0.59)
0.000746
(0.02)
−0.0464
(−0.33)
−0.114
(−0.52)
−0.0122
(−0.21)
−0.00331
(−0.02)
0.0499
(0.32)
Less in region (vs. same) −0.0290(−0.51)
−0.102
(−0.69)
−0.155
(−0.89)
−0.105 *
(−2.06)
−0.380 *
(−2.48)
−0.238
(−1.13)
0.0101
(0.18)
0.0279
(0.20)
0.0149
(0.09)
More in region (vs. same) −0.307 ***(−5.35)
−0.849 ***
(−5.70)
−0.965 ***
(−5.76)
−0.334 ***
(−6.50)
−1.046 ***
(−6.77)
−0.924 ***
(−4.66)
−0.360 ***
(−6.09)
−0.873 ***
(−6.11)
−0.943 ***
(−6.00)
Constant 2.931 ***(49.33)
1.562 ***
(7.96)
3.256 ***
(58.16)
2.454 ***
(9.66)
2.779 ***
(43.85)
0.979 ***
(5.68)
Cut point 1 −3.233 ***(−15.71)
−4.387 ***
(−17.72)
−2.709 ***
(−14.75)
Cut point 2 −1.318 ***(−8.17)
−2.385 ***
(−12.82)
−0.908 ***
(−5.63)
Cut point 3 1.414 ***(8.91)
0.590 ***
(3.58)
1.919 ***
(10.91)
R2/Pseudo R2 0.060 0.0289 0.0513 0.084 0.0427 0.0671 0.075 0.0339 0.0566
n 1051 1051 1051 1075 1075 1075 1073 1073 1073
Note: t statistics in parentheses; * p < 0.05, *** p < 0.001.
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